The growth of Enterobacter cloacae in 25% sodium dodecyl sulfate is described. The bacteria appeared to tolerate sodium dodecyl sulfate rather than metabolize it. The process was energy dependent, and cell lysis occurred during stationary phase. Extreme detergent resistance may be characteristic of the genus Enterobacter.
The interaction between microorganisms and detergents is many sided. Much concern has been directed toward their ability or inability to degrade such detergents as the alkylbenzene sulfonates (7) . However, an equally interesting and relatively ignored (10) ecological problem is posed by the capacity of microbes to withstand high detergent-concentrations in their environment. The intrinsic sensitivity of proteins, membranes (8) , spheroplasts (2) , and intact bacterial cells (1, 5, 15) to low detergent concentrations (i.e., c1 mg/ml) has been amply documented, and, consequently, we were intrigued to observe microbial growth in a sink containing ca. 1% Alconox. The present communication is devoted to the identification and characterization of that bacterium.
The unknown microbe was streaked onto plates containing sheep blood agar, MacConkey agar, and salmonella-shigella agar (Difco). After incubation at 350C for 24 h, isolated colonies were recloned and transferred to slants of triple sugar iron agar and lysine iron agar for further testing. These isolates were all oxidase-negative, facultatively anaerobic gram-negative rods which exhibited optimal growth in the pH 6 to 8 range. Accordingly, three isolates were chosen for further characterization via the conventional biochemical tests for the Enterobacteriaceae as described by Edwards and Ewing (6) cae was subsequently characterized with regard to the ability to grow in G medium supplemented with increasing concentrations of sodium dodecyl sulfate (SDS). These SDS-containing media were sterilized by autoclaving; the SDS remained in solution indefinitely at room temperature but quickly precipitated on refrigeration as the temperature dropped below the Krafft point. The growth rates at room temperature were roughly equivalent at all SDS concentrations, but the duration of the lag phase increased as the SDS concentrations present in the inocula and test media became more divergent. These lag periods probably reflect the synthesis of additional proteins in the outer membrane of the E. cloacae cells. Localization of these resistance properties in the outer membrane is reasonable since it is well known (9) that gram-negative bacteria are far more resistant to exogenous antimicrobial fatty acids than are gram-positive bacteria.
As indicated in Table 1 (ii) Our SDS-resistant strain ofE. cloacae was isolated via a fortuitous detergent-containing selection system. Are other related bacteria equally detergent resistant? Accordingly, four clinical isolates of Enterobacter spp. were obtained from the Nebraska State Health Laboratory for comparison. Enterobacter hafnia, Enterobacter aerogenes, and another strain of E. cloacae achieved dense growth in 15% SDS, whereas Enterobacter agglomerans barely grew in 1% SDS. Thus, extreme detergent resistance may be characteristic of the genus Enterobacter and may be of considerable taxonomic significance. Strains of E. cloacae are known to harbor plasmids (11, 16 ), but we have as yet no evidence whether or not this detergent resistance is plasmid mediated.
Detergent resistance is a reasonable property to be found in the microbial inhabitants of the bile salt-containing gastrointestinal tract, and it has been exploited frequently by the incorpora-APPL. ENVIRON. MICROBIOL. tion of 0.05% deoxycholate in media selective for the enumeration of coliform bacteria. However, extreme detergent resistance, as exemplified by E. cloacae, is not a uniform property of all gastrointestinal inhabitants. Cornett and Shockman (5) found that SDS levels of 10 to 20 rIg/ml were sufficient to lyse Streptococcus faecalis, whereas we have been unable to grow Escherichia coli, Proteus mirabilis, or Yersinia enterocolitica in any medium containing more than 1% SDS.
(iii) Does this remarkable SDS tolerance extend throughout all phases of the bacterium's growth? The ability to grow in SDS does not necessarily imply the ability to remain viable in SDS. Indeed, stationary-phase cultures grown in high SDS concentrations were highly viscous and difficult to clarify by centrifugation; speeds of 14,000 rpm for 30 min were required. These indications of cell lysis were confirmed (Fig. 1B) by demonstrating that the onset of stationary phase was accompanied by increased fluid viscosity, increased deoxyribonucleic acid in the cell-free supernatant (determined by both absorbance at 260 nm and the diphenylamine test [4] ), and decreased viable colony-forming units. These postexponential changes were not observed (Fig. 1A) in control cultures lacking SDS. The phenomenon of special detergent sensitivity at the conclusion of active growth was also noted for P. mirabilis (15) , wherein 0.5% SDS was required to prevent exponential growth but only 0.03% SDS induced lysis of stationary-phase cells.
(iv) Does E. cloacae modify the SDS or merely tolerate it? Modification could serve either to detoxify the SDS or to provide the bacterium with a source of carbon, sulfur, and energy. However, even though Enterobacter species have been detected (14) among those capable of SDS degradation (at 0.02% concentration), six lines of evidence indicate that our Enterobacter-SDS interaction is primarily one of detergent insensitivity. (a) Sufficient SDS remained to lyse cells entering stationary phase (Fig. 1B) . (b) The aerobic and anaerobic SDS tolerance levels were indistinguishable. SDS degradation should be an aerobic process (7, 14) . (c) The viscosity of the SDS-containing cultures remained constant (Fig. 1B) In summary, we have demonstrated that E. cloacae is capable of exponential growth in 25% SDS. This detergent resistance is probably located in the cell's outer membrane, and an analysis of the outer membrane protein composition in this organism is currently in progress. So far, thin-section transmission electron micrographs of E. cloacae grown in 0 and 12% SDS (B. J. Ang and K. W. Nickerson, unpublished data) have failed to detect any morphological consequences of this detergent resistance.
